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Equalization of Refractive Index to Minimize Light Bending in Random Directions
Light waves are bent (direction of travel altered) whenever they contact matter. These newly scattered waves are then able to interact constructively or deconstructivity with one another. When similar molecules are tightly packed (for example: pure water) light scattered by any molecule in any direction other than the initial direction of propagation will be out of phase with light scattered from another molecule half a wavelength in distance away and will interfere deconstructivity. Only in the direction of propagation of the original wave is the interference constructive. When substances with dissimilar scattering properties (i.e. different refractive indices) are mixed (for example: air bubbles or lipid droplets in water), the deconstructive interference of the scattered light is reduced and light entering the substance is reemitted in all directions (Richardson and Lichtman, 2015) . This is easily visualized by shining a laser pointer through two cubes, one filled with pure water, the other containing water and a few microliters of milk. Although both liquids appear clear to the eye, the laser beam will be visible in the second cube where the milk's proteins and lipids reduce the deconstructive interference of bent laser light in all directions.
Common Steps in Tissue Clearing
Although a vast number of tissue clearing techniques now exist, they primarily consist of 2-4 of the following steps: sample pretreatment, permeabilization and/or delipidation, immunolabelling and the final refractive index matching (clearing) step. Samples are often pretreated to remove pigments that will absorb light or autofluoresce, which masks the signal of interest. Additionally, a number of techniques require the tissue to be protected in a hydrogel prior to delipidation.
Permeabilization aids in the penetration of the final clearing solution throughout a sample and is often performed using non-ionic detergents or DMSO. As lipids represent the greatest refractive index inhomogeneity in biological tissue, their removal is essential for clearing large samples. This can be accomplished with a detergent such as SDS or solvents like THF, DCM, tert-butanol, and DMSO.
The permeabilized and/or delipidated sample is now more compatible to immunostaining as the tissue has become more porous allowing for better antibody penetration. Immunolabelling is most often accomplished by passive diffusion. More recently, rotating electrical fields have been shown to enhance the speed of antibody penetration and improve the distribution of antibodies throughout a sample . Centrifugal force has also been used to enhance antibody penetration by applying pressure to the sample (Lee et al., 2016) . Murray et al., have demonstrated a method for improving antibody distribution in large tissues by inhibiting their binding during diffusion. Once the antibodies are evenly distributed throughout the tissue they are "SWITCHED ON" to bind their epitopes .
Finally, the refractive index of the remaining material is equilibrated producing a transparent sample using a variety of solutions that contain high refractive index components.
Next-Generation Clearing Techniques
Since our previous publication (Richardson and Lichtman, 2015) a number of next generation clearing techniques have been published (displayed here). This new cohort of protocols is more likely to maintain fluorescent protein emission and offer better control over the expansion or contraction of tissue during the clearing process. In addition, a number attempt to simplify the process by reducing redundant treatments or chemicals. It is reasonable to assume that progress will continue to be made and further advances will be forthcoming. 
